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# Message of This Talk

« CMS strategy: perform broad array of inclusive, signature-
based searches

— No evidence for SUSY in ~5 fb1 7 TeV 2011 data ®

« Developed multiple, complementary, robust data-driven bkg
estimation methods — critical for future discoveries

 Set stringent constraints in several SUSY scenarios —
but still far more ground to cover

— Improve sensitivity with more data at 8 TeV in 2012 data
— Search for additional SUSY topologies
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# Focus of This Talk

« Search for events with:
— Strong production = large hadronic energy (Hy)
— Invisible WIMPs — large missing E; (MET)

— Isolated leptons — clean final state / '''''' X’
P q

q
« Single-lepton + jets + MET NEW: SUS-12-010
* Opposite-sign leptons + jets + MET NEW: SUS-11-011
o Z(29) + jets + MET (arXiv:1204.3774v1) NEW: SUS-11-021

« Same-sign leptons (K. Ulmer) & multi-leptons (R. Gray) in other talks

- Searches emphasize robust, data-driven methods (+MC
corrections) with multiple techniques to cross-check results

— All results with full 2011 data sample
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# 1-lep: Introduction

example signal:

SUSY with x* decay
g Jets
\ q pe
...... 4"6
2 Ywer

- Signature: single isolated lepton (e/py) + jets + MET

« Challenge: estimation of dominant tt—2+jets / W(2v)+jets backgrounds
— Data-driven bkg estimates — don’t rely solely on MC for large top boost, ISR
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# 1-lep: Analysis Methods

2 data-driven approaches: both exploit

o

different correlation of p(2) vs. MET 2
for SUSY vs. SM bkg 102
10'2§
— SM bkg: <p(2)> ~ <MET> related since 2 | *;5
and v produced together via W—Q2v 07
— SUSY: <MET> >> <p(2)> due to LSP’s — MET (GeV)
example SUSY signal
“Lepton spectrum” method " s Simuaion ' 2
— Use p+(2) to predict MET — sensitive to @ 300 (b) 10"
models with <MET> >> <p(2)> =% =
\_l: 200 10-2§
“| epton polarization” method - i
— Based on cos(8,*) — sensitive to models " e
where cos(0,*) differs from SM bkg 050007150 200 3507300 350 400 1
MET (GeV)
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# _ . G _ y
=T 1-lep: “Lepton-Spectrum Method

dominant SM bkg: ttbar—2+jets W-+jets / ttbar MC closure test

W+jets and ttbar+jets: NJ >4
— Prediction ~ from pT(Q.)

'\3102 Measurement N\ET
2 10 arXiv:0906.5016v2 [hep-ex]
1
107! ' ' ' e B o LJ.I*“ i
0 100 200 300 400 500 600 700 800 900 1000
<pr(v)> ~ <p;(2)> MET (GeV)

Use p;(2) to model MET from dominant tt—2+jets & W+jets bkg’s

« SUSY signal: invisible LSP’s cause MET >> p;(2) — search for
excess high MET events above prediction from p(2) spectrum
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T { _lan- _ <
= 1-lep: Lepton-Spectrum Results |

data
Loltal bkg predigtion « Sub-leading backgrounds:
ilepton+T1 prediction —
— > — W= 1= e/u &tt—020
% 5| CMS preliminary 2011 ]
CRl 47", (s =7 TeV — QCD & Z+jets (small)
= = leoru,=4jets, HT = 500 GeV
u —— Data . . .
P = Toul preicton * Predict MET in tt—=2+jets/W(2v) from p(l)
5 102 ? tn ::;::I:;[ ;(;r taus/dileptons
= /7 I « Search in multiple H; regions
o — H; > 500 GeV (shown), 750 GeV, 1 TeV
10 .y .
: — Compare data vs. prediction in
T exclusive MET regions
TESSSSISIRSESEEL o N - Good agreement in all MET, H; bins
100 200 300 400 500 600 700 — No evidence for SUSY
MET (GeV)
H; > 500 GeV MET 250-350 GeV ~ MET 350-450 GeV  MET 450-550 GeV  MET > 550 GeV
Predicted Bkg 159 + 14 + 18 44 +7.7 £6.0 6.6+3.0+1.8 43+26+1.6
Data: total (j,e) 163 (84,79) 46 (21,25) 9(8,1) 2(1,1)

May 2nd, 2012 SUSY Workshop BNL 9



, charged lepton
0, helicity angle

in W-frame
_ _ \'
¢ 20 CMSSimation
5 18;fL dt=4.7 fb" — poral S
@ 16lNs =7 Tev it 1 * Lp strongly correlated to cos(6,*), but
=oe —éCD E based only on transverse quantities
Wik " —LM6 — Measure W polarization in W+jets (CMS, [1])

« Good SUSY vs. bkg discriminant

— SUSY L; peaked at ~ 0, due to small p(2)
and lack of correlation with p(W)

O N b O ®

[1] http://dx.doi.org/10.1103/PhysRevLett.107.021802
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= 1-lep: Lepton-Polarization Results

S'eP 250-350 GeV
CMS Prellmlnary 2011

L) T
o 180 47fb . Data -
: : . Fit It .
+ Template fit to data in control region 5 180~s=7Tev " EUIRSIN ate
— extrapolate to signal region € 140[gjectrons QCD template-
— Lp EWK (it,W,2) template fromMC & 120f <€ — —>L>03 -
— L, QCD template (e-channel only) 100;—;”9:;'15 + fit region
from QCD-dominated sample 80 region + E
_ _ _ 60 -
 Search in multiple regions: 40" E
— Binin S{'*P = p(Q)+MET ~ p(W) POV = I 18 I s e
05 0 05 1 15
. . . L
- Observed yields consistent with ~ Hr>300GeVresults
prediction in all regions — 5% Rane Gov) | Tot mee oo <ol
ange (L€ ota estumate a
no eVIdence for USY ! [150-250] 315+4 289+9+31 319
[250-350] 12342 1135+ 9 108
[350-450] 52.0+1.5 | 441+35+39 | 32
> 450 30.1+1.2 | 26.1+:29+24 | 25
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# Search Strategy

non-Z lepton pairs kinematic edge (in some models)

g T T T ey L R B
=
oy SUSY LMO
6 ; SUSY LM1
5 ¢ =
sE vetoZ )
3? ’ ¢¢¢¢¢ region é 0 + JetS + MET
28 ) =
= RS % ¢v°%°ooo E
03040 60 80 100 126 740 160 180 200

dilepton mass [GeV]

Z-peak
ha T (:) T HE L T '_
r % SUSY LM4
o SUSY LM8
ot require | Z+jets+ MET
e .| Z region ]
o2t | ]
- s I
oL MM A

2 be:
0 50 100 150 200 250 300

dilepton mass [GeV]

- Divide & conquer — separate, targeted analyses for Z vs. non-Z regions
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# OS non-Z: Analysis Methods

« Select events: 2*0 + jets + MET
— Suppress Z+jets: apply Z-veto, H, MET cuts
— Dominant background: tt = 2+

« 2 complementary techniques:

« Counting experiments: large MET vs. H-

signal regions sensitive to
— “Light leptons:” ee / uu / e = clean final state ~» models with very
— “Hadronic taus:” et1,,/ ut,,/ T, T, = improve large MET & H;

sensitivity for enhanced 3" generation couplings

relax MET & H;
=» cuts, exploit
shape info

« Search for M(22) kinematic edge
_ Feature of SUSY models with X, — /0" x;
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e

== OS non-Z: ee/pp/eu Results

CMS Preliminary ~ \'s=7TeV, [Ldt=4.7 fb™!

I R

: : 8 MET > 275 GeV-

* Predict MET in tt—2*2" from p;(22) S s 1

« Verify fake leptons (W(2v)+jets, QCD) & %102 *
Z+jets negligible with data-driven methods 3 ¢

« Search in multiple H; vs. MET regions

redicted

« Good agreement in all MET vs. H; bins—
no evidence for SUSY

- -o-observed

\\\\‘\\\\‘\\\\‘\\\\‘\\E\\‘\\\\‘\\\\l\\
%O 100 150 200 250 300 350 400

miss
E; ™ (GeV)
MET > 275 GeV MET > 200 GeV MET > 275 GeV MET > 275 GeV
H; > 300 GeV H; > 600 GeV H;>600 GeV | H;>125-300 GeV
total yield 30 29 11 6 _
pr(¢¢) prediction | 21+89+8.0 | 22+75+6.9 | 11+58+3.8 | 12+4.9+5.7 non-SM vyield upper
MC prediction 30 £1.2 31L009 172F06 12103 limi :
imits (for with
non-SM yield UL 26 23 11 6.5 ) S ( oruse
LM6 35+ 0.6 33405 26+ 0.5 0.6+0.1 efficiency model)
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OS non-Z: et/ ut,,/ 1,,T,, Results

« 2 dominant backgrounds:

— “Genuine taus” (tt—er,, yt,, 1T,,T,,): predict MET from p(22), with additional T
correction factor (for T acceptance, efficiency, branching fractions)

— “Fake taus:” estimate with “fake-rate method” (extrapolate in T isolation)

Summary: light leptons

« Good agreement in all signal regions
— no evidence for SUSY

& hadronic taus
CMS Preliminary, s = 7 TeV, f Ldt=4.7 o'

0w [
c | m ® Observed
q>_) 50 -5 - 5 - Il pT(II) prediction
L r e & by g I TL prediction
L E 2 £ B Irreducible (MC)
. =] = .
Hadronic tau results or3e = Total Uncertainty
B »
/7 D I (2]
7. g
MET >275GeV | MET>200GeV | MET>275GeV | MET>275GevV ~ 30 @~ 7 22
H; > 300 GeV H; > 600 GeV H; >600 GeV | Hy > 125-300 GeV 8 | 23
v l) .
pr(¢f) prediction [ 214+094+08 | 22+08+09 [ 1.1+£06+04 | 1.24+05+04 KA 9 §> 3
TL prediction 51+1.74+0.8 36+144+05 | 27+£13+£04 < 0.08 20 S § ;5 "
MC irreducible 124+05+02 | 07403401 | 0240.140.1 [ 0.1+£0.1+0.1 B S5 |7 ©
Y predictions 84+20+11 | 65+16+10 | 40£14+06 [ 1.3£05£0.5 10 L u E E
total yield 8 5 1 0 . T S
non-SM yield UL 79 6.2 3.7 31 [ D D B R mas BN
LM6 42413407 | 48+14+08 | 40+£13+07 | 04404401 0
H, > 300 H, > 600 H; > 600 300>H, > 125
Ef**>275 | Ef*°>200 | E**>275 | Ef**>275
16
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# OS non-Z: Edge Search

« X0 = 2+ x,9 kinematic endpoint produces “edge” in ee/pp M(22) distribution
— Relax cuts, exploit shape info = complementary to high MET, H; searches
— Edge position (m_ ) — precise measurement related to SUSY particle masses

« SM background: same yield/shape in eu vs. ee+uu — search for edge in
ee+puM dilepton mass, model background shape from ey sample

SUSY with xz - XW SM MC N—
B A % | 6011l esmasial ™ |l e
o Heewn lee+uu-;
80065 . = s -

0.055 \eu 3 305 — e!J,
0.045
m,, =m(x3)-m(x) |

10F

0 50 100 150 200 250 3—00 0 50 100 150 200 250 300

dilepton mass (GeV) dilepton mass (GeV)

May 2nd, 2012 SUSY Workshop BNL 17



’-_.}'OS non-Z: Edge Search Results

H; > 300 GeV, MET > 150 GeV

> 2 T ICIMISPI T I| T I T 17T I T 1T 17T ' T 1T 17T | T 17T I_I 5' 907\ CMSP I ‘ T ‘ T T T ‘ T ‘ L ——— Slgnall S-hape
— nar n reliminar —e— CLs observed limit | .
3 5 relipinary (-~ Data = ok ry *~ CLs obse 1 variation:
- is= 7TerLdt 4.7 b Fit - Vs= 7TerLdt 471" o prenteds 1o ]
o - — Signal O C :]E:: cted=20 ]
S oof ee+up 2%y X 70F 0 Shave v E
- i ——  eu-shape "003 60i E
g . Uncertaint = - ] ]
2 4 = 2 b . 1 triangle
T =0.0+38 ] i :
L L sig C ]
of nbkg =149 +12 ] 40p E
: f.X\ :‘< A L nZ -_ 1 9 =+ 3 7 : 30} - {
5:_ ’* i # _ 20; - convex
- % w‘k‘.‘ i r
E TR : 100
“ o ‘L 1 i ] : J
O 4 4 I lIL d "L“l Lol L1l l 07 | ‘ | L1 1 | ‘ I ‘ I ‘ I
0 50 1 00 1 50 200 250 300 0 50 100 150 200 250 300 concave

dilepton mass (GeV)
example signal shape:
triangle © gaus

* No edge observed — extract signal yield UL using ML fit

« Scan kinematic edge position, extract signal yield upper
limit at each point

— Observed/expected limits consistent within ~2c over full range

kinematic edge position (GeV)
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Tt .
=T Z:. Backgrounds & Strategy

« In SUSY, Z’s produced in X° decays, eqg:
— X°2Z X% X°—ZG

« Search for Z(ee/pp) + jets + MET

Z(ee/up) + =2 jets:
MC sample composition Z+jets — critical analysis challenge
— Very large o, MET not well-reproduced in MC
— Suppress/estimate with 2 methods:
- “Jet-Z balance” method
 “MET template” method
“Flavor-symmetric” (N.. + N = N_ ) bkgs:
— Estimate from ep data, M(22) sidebands

signal

S Diboson production
1 gvé?]ts1?n 150 fbﬂi — WZ and ZZ = estimate from MC

May 2nd, 2012 SUSY Workshop BNL 20
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Z: JZB Method

JZB =

) PT

jets

_ ‘p-'T(Z)’

— imbalance between p; of Z and hadronic system

« JZB ~symmetric about 0 for SM Z + multi-jets, JZB >> 0 for signal — estimate
Z+jets contribution in JZB>>0 signal region using JZB<<0 control region

« Good agreement between data and prediction = no evidence for SUSY

CMS Simulation, Vs =7 TeV, L =4.98 fb!

10*

—
o
w

—
o
™

events / 10 GeV
=)

i F
Z+jets t
107

control —g»

region 102tk

200

CMS, /s =7 TeV, L, =498 fb!

[ Z+Jets i 10t
I -
CiLm4 i -
3 S

E G
. ] 2107
signal ] -

. 3 =
region 1 2 10

E

. 1

—e— Data =

Total background
JZB<0 (data)
B sidebands/ey (data)

data/pred

600 800

400

JZB [GeV]

50 100 150 200 250 300 350 400

JZB [GeV]

May 2nd, 2012
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L, .
=T Z: MET templates method

CMS, \E 7TeV, L _498fb'1

lets > 3 +data

— total bkg (y+jets)

* MET in Z+jets arises from jet
mismeasurements — model MET in Z+jets

—_
o
w
T

—— total bkg (QCD)
[ | wz/zz prediction

with y+jets / QCD data control samples 3 ¢/ I OF preciction
» Search in ng = 2 bin (y+ets, in backup) % ol el +=3 jets
and n,,, = 3 (QCD & y+jets — consistent 3 |

predictions, shown) 1

« Good agreement between data and
prediction in all signal regions — no

—
<

N
D .
— -

<
I~ S—

i

s 2T
S
evidence for SUSY S |t | ’
% : * ++ + T+T| |+ LI ]
oS | ]
% 50 100 150 200 250 300 350
ET"® [GeV]
EXSS 5730 GeV B > 60 GeV B > 100 GeV B > 200 GeV  EX > 300 GeV
total bkg (QCD) 4533 + 804 500 + 64 128 £ 16 10 £ 25 1.6 £ 0.6
total bkg (v + jets) 4429 + 1253 496 + 67 131 + 13 11+ 25 1.9 4 0.6
total bkg (average) 4481 + 1034 498 + 66 129 £ 15 11 £ 2.7 1.8 £ 0.6
data 4501 (2272,2229) 479 (267,212) 137 (73,64) 8 (3,5) 0
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CMSSM Interpretations

(lepton spectrum and lepton polarization)

';‘ 800 I LI I T 1T I LI L I T I T T I LI I T 1T I T 1
D 79~ 5, HT>1000 GeV, 95% C.L. Limits:  [tan(§)=10 ]
0] g LS Observed Limit A =0 GeV ]
~, 700 e e e LS Median Expected 0 —]
o ™(&) = 1500 LS Expected = 1 ¢ exprt u>0 ]
- —— LP Observed Limit m, =173.2 GeV|
E 6008 0000 e LP Median Expected = -
[ LP Expected + 1o exprt 2 N

N\
2 i
500 , L S z 3

200 400 600 800 10001200 14001600 18002000

2+ jets + MET

CMS Preliminary L =47 fb",Ns=7TeV
T T T I T T

--------
........
~ -

LP

aa
e
.......
"ua
-

PR
~, .~
- .,
‘e, -
¥4
.
.
..........
e

fay

m, [GeV]

m, , [GeV]

OS (ee/pp/ep) + jets + MET

600 SN L [ NN N N NN NN LU LU L
55088 AC0GH | seemedteminoon | |JErei’|
SO0, mZimsocey | g renene | e 2
4508 CMS Preliminary \s =7 TeV, L dt4.7 fo" 3
400 &\ 8= 1000 3
350 3
300 =
250} 3
200 =
) 7z
500 1000 1500 2000 2500 3000
m, [GeV]

 Significant enhancement w.r.t. previous experiments
— Exclude gluinos below ~500 GeV, 1st/2"d generation squarks below ~1 TeV

« More stringent limits from all-hadronic analyses (See talk K. Hatakeyama)

May 2nd, 2012
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# 1-lep: SMS Limits -

'/{(/
. « g . - ’ PP - §8, 8- qa@ [ )X - WE'; m@>»m(@
» Set limits in “simplified model spectra R T
q S. 800 (s=7Tev, I Ldt=4.98 fb™

] [ e/u spectrum B 1E=10

g 700 P —gNo-aco ..... E

?I-'J 600; =3 x GNLO-QCP"‘,/ é

- F .

5001 o 1

400

300 F 10"

95% CL upper limit on ¢ [pb] (CLS)

200F

100
102

400 600 800 1000

a
» Scan 2 parameters: M(g) and M(X°) i auino acs (601

m() = 0.75 m) + 0.25 m(§)

~t ~0 ~ B s B Y 7 s W @
m(y") = 0.75 m(x ) + 0.25 m(g) o ey
0.09 <
100 1

800~ Vs=7TeV, I Ldt=4.98 fb”
[ e/u spectrum
7001~ H_ > 500, all E; bins

LSP mass [GeV]

eoog—
500%—
wf
3oo§fx

200F

0

400 600 800 1000
gluino mass [GeV]
m(7) = 0.75 mT) + 0.25 m(§)
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# 1-lep: SMS Limits

PP —>§8,§- @@ 7). % — Wi m@)>>m(g)
900 | —— T T T T T T T T T T ,'b T
[ CMS Preliminary

/2

« Set limits in “simplified modgl spectra”

800 Vs=7TeV, I Ldt=4.98 0"
[ e/u spectrum B

700 —
E — gNLo-acp E
600 -3 x gho-acD 3

500

Y
o

95% CL upper limit on ¢ [pb] (CLS)

LSP mass [GeV]

a0~

3005

e
<

200F

100§

102

400 600 800 1000

7
» Scan 2 parameters: M(g) and M(x°) ) Juino sss (0o

*) = 0.75 m(%) + 0.25 m(§)

-~ 0 N mitvaamng
m(xi) — 0.75 m(x ) -+ 0.25 m(g) 9%%;99,9—>qq(x |X),x‘—>‘WX‘,r‘n(q‘)i>lIn(9)

3
K

800 Vs=7TeV, I Ldt=4.98 fb'1/.o""'

» 1) Set UL(o x BF) vs. M(g), M(x°) — 700 oo, e, 1

LSP mass [GeV]

600
5001
a0

3005

200F

400 600 800 1000
gluino mass [GeV]

m(7) = 0.75 mT) + 0.25 m(§)
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# 1-lep: SMS Limits

PP — 88,8 aal 1K) % — W ; m@)s>m(g)
e

« Set limits in “simplified modgl spectra” O s oty 7]
500 9 1

[}
o
o

E (s=7TeV, I Ldt=4.98 fb™
[ e/u spectrum ' mp

P —gNo-aco B
6001 -3 gMoaeo, E

10

~
o
o

LSP mass [GeV]

a —
95% CL upper limit on ¢ [pb] (CLS)

-2
400 600 800 1000 10

a
» Scan 2 parameters: M(g) and M(X°) auino acs (601

m() = 0.75 m) + 0.25 m(§)

m(%i) =0.75 m(%o) + 0.25 m(§) grszjgi;;:ilﬁa)wxewxm(q)»m(g)
o 1) Set UL(O X BF) VS. M(g)’ M(XO) —_— 8°°g ;:s;(::t\:u;!;Ldtﬂgsfb 1

LSP mass [GeV]

7001~ H_ > 500, all E, bins
« 2) Assume oNO-0Dgand BF=1 = ——— "«

exclude region of parameter space

3005

200F

400 600 800 1000
gluino mass [GeV]
m(7) = 0.75 mT) + 0.25 m(§)

May 2nd, 2012 SUSY Workshop BNL 27



# 1-lep: SMS Limits

« Set limits in “simplified modgl spectra

PP—8 g g - qq(x Ix ) x - Wx m(q)»m(ﬁ)

%' 900; CMS Preliminary

S 800 (s=7Tev, _[Ldt 498fb

o [ e/u spectrum LB

g 700; — gNLo-acp B

o r !

&) 600F -3 x oNoacD 3

- . ]
500 . .

« Scan 2 parameters: M(Q) arfd M(X°)
m(7) = 0.75 m(%") + 0.25 m(g)

a0~

3005

200F

400 600 800 1000
gluino mass [GeV]
m(x )=0.75 m(x ) + 0.25 m(g)

PP—@ g g - qq(x Ix ) X - Wx m(q)»m(g)

. 0 % 800? ;su :Tetv det 498fb Zz: <
1) Set UL(o x BF) vs. M(g), M(x°) = o
+ 2) Assume oM-0-Q% gnd BF=1 =» —— " oo
exclude region of parameter space o
 3) Provide efficiency map
(fastsim calibration/validation) f°‘g,.u.mﬁ$;’ss[e;3f°°
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S  0OS non-Z: SMS Limits

« Enhanced sensitivity to this specific
SMS from M(22) edge search

* Results probe gluinos up to ~1 TeV

large MET VS. HT search M(22) edge search

pp—§39, 9—>C|CIX g—>qqx X —>||X m(q)>>m(g) pp — 93, g—>qqx g—>qqx X —>||X m(q)>>m(g)

1200 C CMS Prellmlnary I 1200 - CMS Prellmlnary |

L {s=7TeV, J. Ldt=4.98 fb™
| OS e/u edge

L — GNLO-QCD

F e 1/3 x GNLO-QCD

-3 GNLO—QCD

L s=7TeV, _[ Ldt=4.98 fb”

| OSeln+E

—_— GNLO-QCD

F 1/3 x GNLO-QCD
-3 x GNLO-QCD

<]

=}

=]
\

LSP mass [GeV]
=
8

LSP mass [GeV]
)
8
\

]

=]

(=]
\

600 600

400 - ”’.“"' 400 - ”"‘""

95% CL upper limit on ¢ [pb] (CLS)
95% CL upper limit on ¢ [pb] (CLS)

2001 200)

400 600 800 1000
. . gluino mass [GeV] . . gluino mass [GeV]
m(iz) =0.5m(x ) + 0.5 m(g) m(%z) =0.5m(y ) + 0.5 m(g)

400 600 800 1000
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=:|’F'= Z: SMS Limits

Neutralino LSP Scenario __CMSNs=7TeV, L, =408t __CuS lsmTTew L, mhes R

— T 10 — —_— —
> B ~—~ o~ 0 0 o] > r ~ o~ o~ O
~ - — , g — 2ij , 0 .7 L — , g — 2j 0, 0_.7 0
scan M(X10) VS. M(g) 8 - PP—gg 9~ [y Xy X, Qo g - PP— g9 SL j +%, % X o
~. 1000 M(@) >> m(g), x = 0.5 b =2 | m(d) >>m(g), x=0.5 o}
~ 000 1000
M(x2°) = Y2 [M(@) + M(x;°)] 2 2 A, 5 8 5
2 1 % F Mets S 1 O %’ - Miets = i o 1 o
3 e - ' — 4NLO-QCD =
S 800__ _gil-c;,?:ob.ocp ," e >E 800? ....gx gNLo-aco e
Qrr -" . = I =
x [ . 1/3 x gNLO-QcD ’,' E x [ 1/3 x gNLo-acp E
600 107 600 10" g
oy 5 - JZB S
L 5 i
templates|. 2 I : 1
4001- i O 400~ O
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SMS Summary: Gluino Limits’

gluino mass limit, m(x°) = 0 GeV
m(g)—m(x° = 200 GeV _l, ‘
SS+b, 4.98 fb~!, gluino I
T3w: §—aa(WX" |,/ spectrum, 4.', gluino
e——————
T3Lh: 5=’ [%2 | ;%)% edge, 4.98 fb!, gluino -
b———— et

T3Lh: §—qq¥° |5 |,

T1itttt: gty

.- -0
T522: 949X |74 ., 4.98 fbo*, gluino

* Results probe gluino
masses up to ~1 TeV

— Assumes BF =1

— Maximum reach for
massless LSP

3 bars for different

.~ <0
152z §—qqxz JZB, 4.98 tb!, gluino ‘- (
T5Lnu: §—qqx ™ 1*1%, 4.98 fb~ !, gluino -

TChiSlep: ¥3,x* —1Ix"%°

multilepton, 4.984fb !, neutralino/chargino

0 200 400 600 800 1000

mass scale [GeV]

intermediate x masses

covered in this talk
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=4 Efficiency Model

* Problem: how to apply these results to an arbitrary model?

« Goal: allow others to determine if arbitrary model X is
excluded by comparing expected yield to signal yield UL

Y/
<

N(model X) =¥ x o xAx ¢

£ (luminosity) — provided by experimentalists
o (cross section), A (acceptance) — calculated by theorists for model X
e (efficiency) — depends on detector AND model X kinematics

Recipe: provide selection efficiencies for basic physics
objects (leptons, H;, MET) — allow estimation of model
X efficiency using simple generator-level studies
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Efficiency Model
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] CMS Simulation,\'s = 7 TeV

c>), c>).,0.5_"‘IHIHI
- Efficiency model: é 09 @ﬁﬁ;ﬂfﬂi %0-45: %ﬁﬁ%% ; 1
— Shown: OS analysis, provided 08 {f% jﬂ# + %H it 1 0.4;%4 : !
for other analyses as well 075 -f* sl 035 _ ]
vs. gen-level quantities i - electrons i
0.5 /7 —5- muons 0.25;
. Y7421 S S P VS P W T 025 b
Procedure' 20 g‘g)nefgteds?ep1tgg r;f%Gg\c/)) gzeonerg?ed \‘/%blér)(%au P, (G7eV)
— Implement model X in MC
— Apply analysis selections to . CMS Slmulatlon \s _7_]'(3\[__ i CMS Simulation, Vf_ 7'_I'¢E\£_Jg
gen-level quantities I S oo 1 7]
— Use efficiency model to scale 2 08 4/ */ 5 4%/ 1 L o8 4/ ;/ J
gen-level yields to “reco-level” %7 [ Imer: "7 | | H,
A . N AN
* This is an approximation SO Y O B £ E RO N R A
— Tested with several CMSSM 02; /i j“ e |2 02 Li p l " to>omeel
. . . 0 1: / [ / O ET*°>275GeV | 0 1: [ 1 : -q[ O Hr>600GeV |-
points, agreement within ~15% b S : AT AR IE | E
O =6 500 500 400 500 % "**200 400 600 800 _ 1000

generator-level EmISS (GeV)

generator-level HT (GeV)
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— Single lepton

— Opposite-sign (non-Z) leptons

— 720+
* Interpretation & Efficiency Models
* Future Directions and Summary
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#Ongoing/Future Directions (1)

[1] N. Arkani Hamed 7 — 8 TeV:
https://indico.cern.ch/getFile.py/access?contribld=7&
sessionld=2&resld=0&materialld=slides&confld=157244 ~x2-4 0 enhancement
._g ;‘ i,
oy At SUS §
u.W\Pv\ S°\’1 a|u 1

— 7 J T Foy 10% g g
Ind o 10 4
iy —\s=7TeV N

—N\s =8 TeV -

(300 | j ]_not yet = w

2011 g limits _. oo probed o wF
up to ~1 TeV ~ A +o E
t L o F .

H-Do \ bR L \9: 10 £ Prospino 2.1 5

v O 100 ? CTEQ 6.6 PDF :

\r“ 107 72(|)o‘ ‘ ‘4c‘>o‘ ‘ ‘6(‘)0‘ ‘ ‘8(‘JO‘ ‘ ‘10‘00‘ ‘ ‘12‘00‘ ‘ H4|c)d -

2o e gluino mass [GeV]

« 2011 results constrain “strong SUSY”, but still more ground to cover
« Expect significant sensitivity enhancement 7 — 8 TeV
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#O”QOing/Future Directions (2)_

#

 Search for SUSY EWK production = relax/remove n / Hy requirements

— Smaller o = benefit from ~10-20 fb-1 8 TeV 2012 sample

: i O/x* decays
p b > SUSY slepton-mediated x°/x y
" PPl (pp ) Prospin | (see talk R. Gray)
: \ \/S=7TeV§ g
EWK 1 )~CO K
0 3 E P 2 z . )'VCO
~0~+| f : )
— N | ~ ~10
10‘1; P ~+ €< Xi
- Xl f
Y et Sttt N Nt Nttt \4
10 b : ; heavy sleptons:
F ] X0 = ZLSP, x*= W LSP
o3l NI Y 0 7
100 200 300 400 500 600 700 800 900 X XZ (l_’i _~0

maverage [GeV]

. Leptonic searches offer ideal , e 7’
strategy for EWK SUSY /
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#Ongoing/Future Directions (3)

« Search for stop squarks — critical for regulating hierarchy problem
— Requires “light” stops, mass < ~few hundred GeV

direct stop-pair production gluino-mediated stop production

m(f) =400 GeV: o(pp— tt) =0(0.1) pb — (see talk K. Ulmer)
few x 102 stop pairs in 2011 7 TeV data sample

4

______ 0

Xi

0

------ X1
3

« Multi-top final states — large branching fraction to lepton(s)
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# Summary

« Performed several SUSY searches in leptonic final states
— No evidence for excesses observed in 5 fb...

« LHC SUSY program has more ground to cover
— Improved sensitivity in 2012 — more data, higher Vs
— New search channels and strategies

— Future searches to benefit from robust modeling of
backgrounds with data-driven methods commissioned in
2011 data
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1-lep: ANN Introduction

jets’

Strategy' combine variables into Artificial Neural Network
HT! A(p(lethletz)! mT('Q MET)

« Train ANN LMO vs. SM bkg — good SUSY vs. bkg discrimination

® Data
— ttbar
— W +jets
— Single top
=—Z+jets
—QcD

O LMO

Number of events

Number of events / 0.2 rad

Data/Simulation -
° =

<
TT

U
T

=)

\Vs=7TeV
MR
fd 4.981b"

o
’ n
o
.

CMS preliminary
S SRSV

jets ]

Data/Simulation
° N

e,

3 4 5 6 7 8 9 10
Number of jets
\F TV

CMS preliminary

.........

0 0.5 1

15 2 25 3
A ¢ b/w two leading jets (rad)

Number of events / 100 GeV

Number of events / 25 GeV

Data/Simulation
° -

Data/Simulation

CMS preliminary Tev _—

v+ T
, TR
500 1000 1500 2000 2500
HT (Gev) (e
CMS preliminary \F TV
‘ f Ldt=4.98 10"

.

.¢+JT.+ |
TR

100 200 300 400 500 600
m; (GeV)

Fraction of events

107k

103k

10

CMS preliminary \s =7 TeV
I I o I I I I
o
E © °© e =
seg .o s° °
o
o
. °s .
. °
— o %o [y —
o L]
© Q
®
‘o ‘; O SM MC Q o +
- Po |
e LMO E
% $ e LM6 H‘ ]
*I Il \(L ‘ Il ‘ Ll Il ‘ Il Il ‘ Il Ll ‘ Ll Il ‘ 11 1 Ii
0.2 0 02 04 06 08 1 1.2
ANN output
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#Hep: ANN Background Estimate

tight signal region D’
loose signal region D ——

SM Background SUSY LM6
CMS Simulation \s =7 TeV, |L dt = 4.98 fb! CMS Simulation
600— q
- SM
500 | D" =10
o l & &
8 400 5 g
oy D | Z g
a3 —10 o o
= 300] . 5 5
200'
A C_ - I ,
100, 0.2 04 06 o8 1 0 0.2 ; )
ANN output ANN output

 ANN and MET are weakly correlated for SM background —
predict background in signal regions using ABCD technique:

D, .4 (loose) =B xC/A
D’ eq (tight) =B’xC/A
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#Ongoing/Future Directions (1)

« 2011 results probe gluinos up to ~800 GeV — 1 TeV
— Especially all-hadronic searches (see talk K. Hatakeyama)

~

« Naturalness = m(g) <~1.5TeV [1] — still far more ground to cover

— Expect ~10-20 fb-! 8 TeV data in 2012 — ~x2-4 increase in gluino pair
production cross section in ~1-1.5 TeV range

o 4

( ‘= 3

ewm Pw So'r'1 /[7[(4(;] SUSf E o

)
[ZSoo — 10Ty
~ g could still be © -
2011 g \k j ]- Q 10°¢ E
.. hiding here! — ¢ -
limits ====ecccccccccee- 9 —~ 10?F —\s=7TeV .
7 T o 10% —N\s=8TeV ai
Yoo \ LR 59 (@) 1; ;
14 2_ 10'f .

20 — \"L e 10'2% Prospino 2.1
O 10°F creqe.6 POF :
[1] N' Arkani Hamed 10-4 72(I)0‘ ‘ ‘4(‘JO‘ ‘ ‘6(‘JO‘ ‘ ‘8(‘)0‘ ‘ ‘10‘00‘ ‘ ‘12‘00‘ ‘ ‘14I00‘ -
. . 5 — _

https://indico.cern.ch/getFile.py/access?contribld=7& glumo Mass [GGV]

sessionld=2&resld=0&materialld=slides&confld=157244
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=4 1-lep: ANN Results

MET 150-350 GeV (control region) MET > 350 GeV (signal region)

CMSp liminary \'s = 7TeV CMS prellminar \F 7TeV

n \“w““w“wf“\ 3 (] , f
T Ldt =4.98 fb" ] T 10% Ldt 498fb—
; 5 ANN>04
o el Stbar | © [ D (loose sig reglon) Stoar ]
'-06 E —W+jets 3 "'6 L —W+ |ts
o ’ — Singletop ] o
(6] B7Z4jets O 10
-g =acp -g g
S L _ S
> 10F f 4 >
1; ¢ —
S
! K
K} E o 1 o E p . 3
T 15F E T 15F p E
i S IR 50Y i ST
D E LAY B E ° E
2osp ) P gosp Ty jT‘T ? E
[ E X X X X X X ‘Z [+ E N N N N N N ‘:
° -00.2 0 02 04 06 038 1 1.2 e -00.2 0 02 04 06 08 1 1.2
ANN output ANN output

* ANN well-described by MC in low MET control region & high MET signal region
« Good agreement data vs. prediction in signal regions — no evidence for SUSY

Signal Region

D (loose): MET > 350 GeV, ANN > 0.4 95+2.2 10
D’ (tight): MET > 500 GeV, ANN >0.4 | 0.7+0.5 1
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#Ongoing/Future Directions (1)

« So far, focused on “low-hanging fruit” = BSM physics with
large o, large MET and H;

« Haven’t found SUSY/BSM physics in ~5 fb-'— where might
it be hiding?
— Electroweak production (e.g. SUSY gauginos)
« Smaller 0 = becomes relevant with large luminosity
 Target by relaxing/removing jets/H; requirements

— Models without WIMP’s (e.g. R-parity violating SUSY)
» Target by relaxing/removing MET requirements

— Compressed specira
 Target low p; objects (eg. leptons)

* Probe low H; and/or low MET models with rare final states
— Same-sign, multi-lepton, lepton+photon, etc.

« Targeted searches into sub-categories, eg. n(b-tags)
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=& Ongoing/Future Directions (2)

« Search for stop quarks — special role in SUSY
solution to hierarchy problem

— M, naturalness = m(stop) < 0.5 -1 TeV

« Direct stop pair production, eg:
pp—it =1 x )" (ttbar + extra MET)
m(t)~0.5TeV—-0~0.1pb
— Expect few x 102 stop pairs in ~5 fb-1
— 2 W’s — large BF to single lepton final state

« Stops from gluinos (see talk K. Ulmer), eg:
pp —> 88 — (ir)(it) — 11t x° "
— 4 tops! — lepton(s) + (b-)jets + MET

10°
\ NLO+NLL (pp it + _\') [pb] |

Vs =7 TeV

| VS =7TeV

1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000

http://arxiv.org/pdf/1006.4771 StOP Mass (GGV)
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2= Summary: 1 fb' SUSY Results

CMS Preliminary
Ranges of exclusion limits for gluinos and squarks, varying m(x°)

Tt [ap 110 glino [ 0. CMS Preliminary Vs =7TeV, [Ldt=~11b"
. . : — T T T | T T T | T T T | T T T | T T T ]
T1:g—aqx’ |Br+jets, 1.1fb ", gl i‘},l- — 2011 Limits B COF 3,7, tang=5, u<0
- <0 =il i =~ 4
T1: g—gqx” |MT2, 1.1 fb™", glui 500 N --=.2010 Limits R DO %7, tanp=3,u<0

T2: 4—¢%" |ag 1.1 fb~!, squark

[ LeP2 ¥

[ Jiep2 T
Jets+MHT

Razor (0.8 fb™)

3 (1000)Gev]

tanp = =
e <D . = g =10, Ao 0,u>0
T2: g—qx" | By + jets, 1.1 fb™', sq

500

m, , (GeV/c?)

*I|IIII|IIII|IIII|IIII|IIII

Tlbbbb: §—bb%" |Ey+b, 1.1 fb~!, gluino

MT2

Tlbbbb: g—bbx’ |MT2, 1.1 fb~?, gluino

Tllnu: g—qqx™ [171%, 0.98 fb!, gluino _ 400

TiLh: g—qgis|%° |1F1F, 0.98 fb!, gluino

T5zz: §5—qqX5 |Z+Ep 0.98 fb!, gluino 300 .
T5zz: §—qqx5 |)ZB, 2.1 fb~!, gluino I ==
T52z: §—qqX3 FBr+ jets, 1.1 fb*, gl_ 200 ------- -
1522 g—a0) [ap 110 oo [ 00 | B n et T 4300 eV
.= <0 ESTES -1 H
T1tttt: g —itx] Ol l '1.1;(‘[))0 ,glumjc‘)0 660 860 oo 0 800 1000
Mass scales (GeV/c?) mo (GeV/CZ)

For limits on m(g),m(q) > >m(g) (and vice versa). ¢" — NLO-QCD
ps )
(i) (i) =20

m(x") is varied from 0 GeV/c* (dark blue) to m(3)—200 GeV/c* (light blue).
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CMSSM Limits

CMS\s=7TeV,L_ =35pb"

—~ 500 ] T ] T LB —
% [ T=LSP 4% NLO Observed Limit LEP2 ¥
g ---- NLO limit (efficiency model) LEP2 T
N
= 400 0
E . Do X Xz

300

200

||||1|'1||A'1|1A'|1||||1|

100

1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 100 200 300 400 500
m, (GeV)

« CMSSM limit from efficiency model agrees
well with limit from CMS MC
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# Expected Cross Sections
' V. Krutelyov SEARCH

o SUSY: production at LHC Hg

10 T S LA L B B Prlospmozf

- otot[pb]. pp — SUSY VS =7 TeV ]

1 = E

10 E
2
10 =
3| | | | Lo 1 5%9
10 L1 11 11 L1 1
100 200 300 400 500 600 700 800 900

age [GEV]

® Eyeball the sensitivity from |00 events line (0~20 fb for 201 I)

SEARCH Workshop 03/18/12 V. Krutelyov Same-sign dileptons and multileptons 4
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Motivation

lepton lepton hadrons
A

_____________
-
S,

-

—7 ] AL

isolated lepton non-isolated lepton
EW production: strong production:

W/Z decay b/c decay

« Why search for BSM physics with isolated leptons?

— BACKGROUND SUPPRESSION (compared to all-hadronic searches)
* Requiring isolated lepton(s) suppresses: QCD, Z(vv)+jets, W(2v)+jets
* Reduced bkg allows looser eg. MET, H; requirements — explore phase
space complementary to all-hadronic searches

— Leptons provide additional kinematic info related to new particle masses
« Example: search for M(2+2°) kinematic edge
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all-hadronic (jets + MET)
bkgs: QCD, Z(vv)+jets, W(2v)+jets, ttbar
challenge: QCD suppression/modeling

NOT COVERED IN THIS TALK
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o require isolated lepton: ‘XO
suppress QCD/Z(vv) @ ~Z « SR&TT---- x' } MET
> .
quets
all-hadronic (jets + MET) single-lepton (e/u + jets + MET)
bkgs: QCD, Z(vv)+jets, W(2v)+jets, ttbar  bkgs: W(2v)+jets, tt—02+jets
challenge: QCD suppression/modeling challenge: estimating dominant W/ttbar

THIS TALK

May 2nd, 2012 SUSY Workshop BNL 52



q,.
o NG S —V
o require isolated lepton: \XO
suppressQCD 2 T8, o---- x'
—> q
q
all-hadronic (jets + MET) single-lepton (e/u + jets + MET)
bkgs: QCD, Z(vv)+jets, W(2v)+jets, ttbar  bkgs: W(2v)+jets, tt—2+jets
challenge: QCD suppression/modeling challenge: estimating “tails” of W/ttbar
require 2" OS lepton:
l suppress W(Qv)+jetsq J ets
q
S~ ..ég_ OS leptons
THIS TALK N
' } MET

q.
9 Jets
opposite-sign leptons (2+2 + jets + MET)
bkgs: tt—2+0
challenge: estimating “tails” of tt—2+¢-
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qq
Ki
o N\ S —V
o require isolated lepton: \XO
suppressQCD 2 TR, ---- x'
—_— q
q
all-hadronic (jets + MET) single-lepton (e/u + jets + MET)
bkgs: QCD, Z(vv)+jets, W(2v)+jets, ttbar  bkgs: W(2v)+jets, tt—2+jets
challenge: QCD suppression/modeling challenge: estimating “tails” of W/ttbar
jets require 2" OS lepton:
THIS TALK | 9 suppress W+jets
Y q
o Z ) q
S < 0 £ < x g '
) 8 _ ...,_.42_
_____ XO}I\/IET require Z mass ) N2
f suppress ttbar i T 0
1 q g __X
q . P, q
JetS q
Z boson (Z(22) + jets + MET) opposite-sign leptons (2+2 + jets + MET)
bkgs: Z+jets, tt—2+2 bkgs: tt—2+0
challenge: understanding MET in Z+jets challenge: estimating “tails” of tt—2*¢-
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Additional Material

* 1-lepton
* OS non-Z
« Z

« OS ANN

May 2nd, 2012
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e g " CMS Simulation
fogoee nm5=7TeV
Jd ey (a)

Events / Bin (arbit. units)

““““““““““““““““““““““““““
00 50 100 150 200 250 300 350 400

MET (GeV)

example SUSY signal
<MET> >> <p(2)>

10*

— 400 - - 1
> CMS Simulation
q) 350 Ns=7TeV

[
<
[N

2
Events / Bin (arbit. units)

p—
<
[

0 10+
0 50 100 150 200 250 300 350 400

MET (GeV)
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L, . -
== Event Selection

« Triggers: ¢ + jets + MET

« Jets (pr > 40 GeV, Inl < 2.4, anti-kt 0.5) and MET reconstructed with
particle flow algo

— njets = 4 (lepton-spectrum), =3 (lepton-polarization)
« Require primary vertex Izl <24 cm, Ipl <2 cm

 Electrons
— pt>20GeV,Inl<1.4,16<Inl<24

— Combined relative isolation < 0.07 (barrel) and 0.06 (endcap)
— ldyl <0.02 cm, Id,I <1 cm

— Reject electrons from conversion (partner track passing dist, dcot(0) cuts)
 Muons

— pr>20GeV, Inl <2.1

— Combined relative isolation < 0.1

— ldyl <0.02 cm, Id,I <1 cm

Veto 2" lepton p; > 15 GeV, reliso < 0.15, Idyl < 0.1 cm
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W polarization

SUSY11:

Finn Rebassoo

Data-driven methods and reliance on
W polarization

Both lepton spectrum and lepton projection methods data-driven and rely on
well understood properties of W polarization

For ttbar, W polarization very precise prediction of SM theory, calculated to
NNLO [f =0.687+0.005, f =0.0017+0.0001, f=0.311+0.005]. DO and CDF

measurements agree with the theory prediction.

Theory: doi/10.1103/PhysRevD.81.111503
DO: doi/10.1103/PhysRevLett.107.021802
CDF: doi/10.1103/PhysRevLett.105.042002

For W+jets, theory calculates W polarization to NLO and helicity fractions
stable with respect to QCD corrections. Experimental measurement at CMS
(based on the L variable used in this SUSY search) consistent with theory.

Theory: arXiv:1103.5445
CMS: doi/10.1103/PhysRevLett.107.021802
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# Lepton-Spectrum: T — 2 Bkg Estimate

- Estimate background from W—T1—4 (either in ttbar or W+jets)

« Select single lepton control sample: u + jets

« Replace u with expected T response (from MC), scale by BF(t—¢e/[)
— + Apply corrections & syst. uncertainties from MC closure studies

« Data-driven prediction in reasonable agreement with MC

MC closure test data prediction vs. MC
> . . L L L L L BN RN B
o CMS Simulation 2011 o 1
O] ) . i
o 4.7 fb", (s =7 TeV s CMS Prellrr_|1|nary 2011?
B10E t — [ Background Prediction -~ f 4.7 fb”, s =7 TeV ]
c F *UE) 1t — [ Background Prediction
G>) - —— MC Truth () i |
L : Lﬁ 10? —— MC Truth
Ly -
MC Prediction -
H; > 750 GeV | Hy>750 GeV
10 3 _L
107"E i ‘ i
:\ L1 1 ‘ I ‘ I ‘ L1 11 ‘ L1 1 1 ‘ I I L1
100 200 300 00 500 0§ 700 %05 306500 400" 00 600 700
- [Ge

£ [GeV]
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Lepton-Spectrum: 2+2- Bkg Estimate
| i ’

- Estimate background from tt—2+2-, several contributions:

« “Lost/ignored” e/u lepton (29 lepton outside acceptance or doesn’t pass reco/ID/iso requirements):
— Estimate from MC, normalize to data in dilepton data control sample
2+ t(hadrons) OR 2 + T(e/p):

Select dilepton data control sample, replace lepton with simulated leptonic/hadronic T
response scaled by BF(t—hadrons) and BF(t—¢e/p)

» Correction factors and syst. uncertainties from MC closure studies
« Data-driven prediction in reasonable agreement with MC

MC closure test data prediction vs. MC
> F . . > BRSPS R RN AR
3 CMS4S7"fr|;HIa\/t§IO-n7219¢:\} o CMS Preliminary 2011
@10 Total 21.—> 1 Bacl,(groun:Prediction 8 - 4'7 fb ? \E = 7 Tev ]
2] ?_,2 ’ 2/ — | Background Prediction |
QC) —— MC Truth GC) 10
= = - MC Truth -
L L C T ]
1§> B +MC Prediction 17 + . < é
f * . é
10" H; > 750 GeV g o't Hy>750 Ge
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\I\\ -2\‘\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\I\\
100 200 300 400 500 600 700 %00 200 300 400 500 600 700

£, [GeV] £, [GeV]
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# MET resolution: smearing p+(u)

« Smear lepton pT to model instrumental MET effects
— use artificial “MET templates” from QCD control sample in data

2) Find MET template 3) Smear u pT using MET
L corresponding to event HT template
1) Start with single event—— e P 8 RO P —
Mo 628 Woan® 2044 Enies
! ’_ [] Srdserﬂow g UUUUUU w 0 1 __ ] RMS
B Overflow 0 Overflow (] - g:::fnl-gevw
0.8_7 08—
r i —— non-smeared p_
0.6— -
i oo —— smeared p_
0.4— [
i 04
0.2_— -
E J | I | 0'2—_ -
N - R T T R ) I 0100 ‘1,5,05}(‘6;1,‘;'0 C
Py GV T %o _T_:‘:_HT(‘)F 120" (;; 'J;to
ip, (Ge

? —— non-smeared P;
10 ?I —— smeared P;
Final result: smeared L A turn single event

W pT distribution into 1000 events
(10-15% effect) with weight 1/1000

107 E

102

250 3

P RIS S NS i | 1
50 100 150 200

MET prediction is sum of smeared lepton pT over all 1%fepton events
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# Lepton-Spectrum Results

H; > 500 GeV H; > 750 GeV H; > 1000 GeV

% S| CMS preliminary 2011 % = CMS preliminary 2011 % 102 CMS preliminary 2011
IR 47", (s=7 TeV O | 47", (s=7TeV &Rl 47", (s =7 TeV
= = 1eoryu,=4 jets, HT =500 GeV % 1 = leoru,=4 jets, HT =750 GeV % i leoru,=4 jets, HT =1TeV
w —@— Data = —@— Data = —@— Data
; ' - Total prediction ; , - Total prediction ; - T & - Total.pl:edlctlon )
~Nd ) = Prediction for taus/dileptons E Prediction for taus/dileptons E Prediction for taus/dileptons
5 107 SUSY (LM3) ) * SUSY (LM3) 5 SUSY (LM3)
5 SUSY (LM6) EE SUSY (LM6) é + SUSY (LM6)
10
10 B
10} i :
% [ |
1:* + 1:’ - 1:’
D o U o o o K e P R DD Ay Sy R DO -\-
100 200 300 400 500 600 700 100 200 300 400 500 600 700 100 200 300 400 500 600 700
E; [GeV] K. [GeV] E; [GeV]
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4= Lepton-Spectrum Resu

S

H; > 500 GeV results

H; > 750 GeV results

Et: [250; 350) [350; 450) [450; 550) > 550 GeV Ex: [250; 350) [350; 450) [450; 550) > 550 GeV
MC: MC:
11 137.0 £ 2.0 325+1.0 79+£05 27+£03 11 441411 139 +0.7 50+04 25+03
Dilepton 18.6 £ 0.5 85102 07+0.1 03+0.1 Dilepton 77103 22402 0.6 £0.1 02+01
1w 286+ 09 74+05 1.9:4:0.2 0.8+0.2 1w 8.6 £ 0.5 28403 1.14+02 0.6 +0.1
Z+ijets 12408 0.0 £0.0 0.0 £0.0 0.0+ 0.0 Z+ijets 0.7+ 0.5 0.0 £0.0 0.0 £ 0.0 0.0 £ 0.0
Total SM (MC) 185.4 + 2.3(stat) 43.4 + 1.1(stat) 10.5 £ 0.6(stat) 3.7 £ 0.4(stat) Total SM (MC) 61.1 & 1.4(stat) 18.9 + 0.8(stat) 6.7 £ 0.5(stat) 3.4 £ 0.3(stat)
SUSY LM3 (MC) 254.8 £ 3.5(stat) 217.9 £ 3.5(stat)  146.0 £ 2.7(stat) ~ 117.1 £ 2.4(stat) SUSY LM3 (MC) 162.6 + 2.8(stat)  149.8 £ 2.7(stat)  112.4 £ 2.4(stat)  107.0 & 2.3(stat)
SUSY LM6 (MC) 21.9 + 0.3(stat) 18.7 £ 0.3(stat) 12.5 £ 0.2(stat) 10.0 £ 0.2(stat) SUSY LM6 (MC) 13.9 + 0.2(stat) 12.8 + 0.2(stat) 9.6 + 0.2(stat) 9.2 + 0.2(stat)
Data-driven prediction: Data-driven prediction:
11 1091 +13.4+17:5 1321+754+58 39+26+13 31+23+10 11 41.7:E 8754 AL7E504EL9 2628 06 31+24408
Dilepton 158+19+18 30+£09+05 05+03+02 01+£02+02 Dilepton B9 1= 0.7 1.3 £0:502 05+02+0.1 01+01+03
17 33.0+18+17 89+1.0+05 2.1+05+02 11+03+02 1% 9.6 0.9+ 0.6 31+06+03 11+03+02 0.8+02+0.1
QCD 0.0£1.24+12 0.0+12+12 0.0£12+12 0.0£1.2i12 QCD 0.0 0.5k 0.5 0.0 =054 0.5 0.0::£:0:5 0.5 0.04:0.5::0.5
Z+jets 12408412 0.0£0.0+ 0.0 0.0+0.0+0.0 0.0+0.0+0.0 Z+jets 0.7 4054 0.7 0.0+ 0.0 +0.0 0.0+0.0+0.0 0.0+0.040.0
Total (predicted): 159.1+138+178 440+77+60 6.6+3.0+18 43+26+1.6 Total (predicted): 579+89+56 162+50+20 42+24+08 40+24+1.0
Data (observed): 163 (84, 79) 46 (21, 25) 9(81) 2(L1) Data (observed): 48 (27, 21) 16 (7,9) 5(4,1) 21(1,4)
H; > 1 TeV results _ .

systematic uncertainties
Et: [250; 350) [350; 450) [450; 550) > 550 GeV
MC: Efise;, [250;350) (%)  [350;450) (%)  [450;550) (%) > 550 GeV (%)
1 l 125+ 0.6 45+04 19402 1:2 02 Z and jet energy scale 11 13 11 16
Dilepton 25402 09+0.1 03£0.1 0.2+0.0 W polarization in f 1 1 1 1
1 T. 2:0:E:0:2 0.7:0:1 0:5:20:1 0.4 +£0.1 w polarization in W+jets 3 4 12 11
Z+]etSﬁ 05105 0.0+ 0.0 0.0 £ 0.0 0.0 £0.0 (T(ﬁ) and U(W) 1 1 4 4
Total SM (MC) 17.6 & 0.8(stat) 6.0 £ 0.4(stat) 2.7 £ 0.3(stat) 1.7 £ 0.2(stat) lepton efficiency (4) vs. pr 1 1 1 1
SUSY LM3 (MC) 76.2 £ 19(stat)  64.7 & 1.8(stat)  50.5 & 1.6(stat)  56.1 £ 1.7(stat) lepton efficiency (¢) vs. pr 1 1 1 1
SUSY LM6 (MC) 6.5 & 0.2(stat) 5.6 & 0.2(stat) 4.3 & 0.1(stat) 4.8 £ 0.1(stat) Z+jets background 4 4 4 4
Data-driven prediction: J pr measurements 1 2 6 2
11 11.7+4.6+1.8 55=%36+1.0 20+22+06 31E£23=1.0 Total (i, no K-factors) 12 14 20 20
Dilepton 1.2+£0.6£0.1 04+04+01 02402401 01+£02+£02 Total (e, no K-factor) 12 14 20 20
1% 3.04+054+05 09+03+02 044+02402; 08102402 MC statistics (K-factors) 4 7 12 17
QCD 0.0£01+0.1 0:0:£0.0:401 . 0001401 0.0=£01=+£ 0.1 Total (1) 13 16 24 27
Z+jets 05£05+05 00£00%£00 00£00£00 0.0£0.0£0.0 Total (e) 13 16 24 27
Total (predicted): 163+47+19 68+36+10 26+22+06 40+24+1.0
Data (observed): 14 (7,7) 4(1,3) 0(0,0) 2(L.1)
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e

CMSSM Limits: Lepton-Spectrum

CMS Preliminary L _=4.7fb",Ns=7TeV

< 800 L L L B B B L WL WL
(o) "9 < 55, LS, HT>500(GeV), 95% C.L. Limits: |tan($)=10
(O] 700 —— Observed Limit Ay =0GeV
‘—c‘\‘ m(g) = 1500 Median Expected u>0
= Expected = 10 exprt m, = 173.2 GeV
€ s00f@® 000 - Observed = 16 theory by
------ Expected = 1o theory 8‘\\
2
500 PRy &
---------------- N ~‘~‘ m(g) = 1000
400 O

300

!II|IIIIIIIIIlIIIIlIIIIlIIII
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'_c'\, m(&) = 1500 Median Expected uw>0

Q
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4= Lepton-Polarization: Results

Muon Channel

Electron Channel SEP Range (GeV) | Total MC | DATA Total MC | SMestimate | DATA
i i _ Control Region (Lp >0.3) Signal Region (Lp <0.15)
Control Region (Lp >0.3) Signal Region (Lp <0.15) 500 < Hy < 750 GeV -
ey 7 It 4 - -

S;"Range GeV) | QCD | EW Ksml(_DQTTﬁ, 1L 2D | EWK | SMestimate | DATA [150-250] 1383210 1207 216130 | 2317124 | 258
[150-250] 184433 | 1122445 | 1306 || 91416 | 17047 | 179+7+18 | 204 [250-350] 427+4.9 383 937420 | 841442473 | 78
[250-350] 6631145 | 334+22 400 21105 | 633+41 | 653432590 | 71 [350-450] 146+2.9 128 37.9+1.3 | 33.3+3.0+2.6 23
13_-“1{-':)01 fgfig? ‘-’3334;161; 1_210 3338 1:5;125 199-74i]2§;2;3 = > 450 558+1.8 50 175409 | 157£2.2+£20 [ 16

g Sl . . 0. ] 4 ! s o 211 o
750 < Hr < 1000 GeV
750 < Hr < 1000 GeV
150-250 303+14.7 | 210220 | 249 || 19407 | 351233 | 37.0435:48 | 37 [150-250] 264.4+3.8 218 49.4+1.5 | 4084+2.9+35 | 46
250-350 58+55 | 59.2+9.1 65 02+02 | 11.0£1.7 | 11.2+2.0+1.8 13 [250-350] 86.7+1.9 88 21.0+£0.9 | 21.34+2.3+2.2 22
350-450 0.0+0.0 26.0+5.1 26 0 63+12 | 63+1.2+15 5 [350-450] 32.6+1.3 25 98+0.6 75+1.5+1.0 8
=450 87434 | 223250 | 31 0.1+£0.03 | 67515 | 68:16+15 5 =150 355113 18 83106 | 59114107 =
1000 GeV < Hr o o bt

150250 14977 | 6214103 | 77 | 075038 | 117519 | 125522204 9 1000 GeV < Hr
250-350 10.4+43 | 20654 31 0.3+0.13 | 45+12 | 48+1.5+1.1 8 [150-250] 87.14+2.3 76 19.3+0.9 | 16.9+1.9+1.7 15
350-450 05117 | 115237 | 12 0 26108 | 26:1.2100 1 [250-350] 31.0+1.2 31 82107 | 82+15+1.0 3
=150 14125 | 66129 11 0.010.02 | 25411 | 2.6:1.3109 1 [350-450] 103106 - 13104 [29°11206 1

> 450 11.24+0.7 12 43404 4.6+1.4+07 2
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Lepton-Polarization: Results

CMS Preliminary 2011
[ T T I i I

(7] T
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Lepton Polarization: Fit Results

2

500

H; > 500 GeV
S ep 150-250 GeV

CMS Prellmlnary 2011

H; > 500 GeV
S lep 250-350 GeV

CMS Prellmlnary 2011

10 10 -
i 4.7 b . Data 5 180¢ 47fb o Data =
— Fit result — Fit result e
P 400}E LA — EWK template P 160;‘15'71-9\’ -------- EWK template 1
S "Electrons QCD template - S 140fElectrons QCD template-
o | ‘ @ 120F .
300 -
i 100 g
200" %0 : -
- Signal 60 P .
[ reqion - Signal | F|t reglon : -
100 g< . 40 region| | —> i .
i o 200 <1 b A
s D S e R e
-0.5 0 -0.5 0 0.5 1 1.5
Lp
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=Y Lepton Polarization: Fit Results

© CMS Preliminary 2011 CMS Preliminary 2011 45 CMS Preliminary 2011
[ 0 F o F
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=Y Lepton Polarization: Fit Results

CMS Preliminary 2011 CMS Preliminary 2011 CMS Preliminary 2011
n F n C n il
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Additional Material

* 1-lepton

* OS non-Z
o /

 OS ANN
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CMS Preliminary 9 data
(MEE
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CMS Preliminary
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tt — fake
DDreII Yan

T
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(MEE

E CMS Preli;ninar;/

E \s=7TeV, [Ldt=471fb"

¢ data

Cte—n

2 3 4 5 6
Jet Multiplicity

« Reasonable data/MC
agreement but MC not used
guantitatively in the search

7 8

Sample o [pb] ee Ui ey total
= 0T 7 | 14658 £ 66.1 18724  84.4 42622+1920 7600.4 & 3422
tF— (57F /T 9| 302.8+138  397.5+180  888.6+401 15889+ 717
tF — fake 141 502 4+ 2.4 15.0 + 0.8 90.0 + 4.2 1552+ 7.1
DY— ¢ 16677 | 1926+13.6  236.6+156  311.8+19.1 740.9 £+ 39.0
WHW- 43 55.0 +2.7 662432 150.7 4+ 7.0 2720+ 12.5
WEz0 18 134+ 0.7 15.0 £ 0.7 246+ 12 530+ 2.4
7070 59 264 0.1 33402 33402 914+ 05
single top 102 94.6 + 4.9 119.6 & 6.0 278.1 +13.1 49234+ 22.8
W + jets 96648 | 47.3+10.7 98+47 59.4 4+ 11.7 116.6 + 17.0
MC 22243 + 101.4 2735.4 + 123.9 6068.8 = 273.8 11028.5 + 497.1
data 2333 2873 6184 11390
LM1 68| 27181135 3421+166 165.6 8.7 779.6 = 36.4
LM3 49 | 1069+ 5.6 1252 + 6.4 180.7 + 9.0 412.8 + 19.4
LM6 0.4 195+1.0 2324+ 1.1 262+ 1.3 688+ 3.2

Sample et UT total

Z — 484 + 129 44.0 £+ 10.7 92.4 + 23.6

tt + jets 155.7 £ 474 193.4 4+ 58.8 | 349.1 4+ 106.1

vv 105 £ 2.1 102 £+ 2.0 20.7 £ 4.0

single top 6.8 2.6 77 27 145+ 4.8

Y MC True | 137.8 399 1574 +£45.1 | 295.8 + 85.0

Y MC Fake | 83.7+246 96.84+279 | 1799 +51.8

Yy SM 221.54+63.7 2553 +£73.4 | 476.7 £ 136.8

Data 215 302 517

LM1 33.7+75 43.3 + 8.6 77.0 £ 135

LM6 26+1.0 40+13 6.6 = 1.8

LM13 846 t+14.6 111.4+17.8 | 195.9 4+ 29.2
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=4 OS: Light Leptons & Hadronic Taus

Light leptons: ee/ pu/ep Hadronic Taus: et/ u1,/ 1, T},

« Background dominated by tt—2+2- « Background from tt—2+2-and fake taus

« Predict bkg in MET vs. H; signal regions |+ Bkg prediction from p;(22) (tt—2+2") and
using p1(22) (lepton spectrum method) “fake rate” method (fake tau’s)

CMS Preliminary Vs=7TeV, [Ldt=4.7fb" CMS Preliminary \s=7TeV, [Ldt=4.7 fb™
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OS: Results

light leptons
ee/e/UM

hadronic tau’s
et /et /T, T,

Fure

high E/s

high Hr tight low Hyp

SF yield 15 11 6 3

OF yield 15 18 5 3

total yield 30 29 11 6

pr(¢¢) prediction | 21 +89+80 | 22+75+69 | 11+58+3.8 | 12+49+5.7

MC prediction 30+1.2 31+09 12+£0.6 42403
non-SM yield UL 26 23 11 6.5

LM1 221+5.1 170 £4.5 106 £ 3.5 6.2+09

LM3 79+24 83+25 44+1.8 23+£04

LM6 35+0.6 33+05 26+05 0.6£0.1

high E7"** high Hr tight low Hr

Y. MC true 13 55+£16£11 | 35+12+07 | 19+£1.0+04 | 04£02£0.1
Y. MC fake 7, 1.3+03+03 | 26+1.0£05 | 02+0.1+0.0 | 02+0.1+0.0
Y MC 67£16+£13 | 61+15+12 | 21+£1.0+04 | 0.7£02=£0.1
pr(£¢) prediction | 2.1+09+0.8 224+08+09 | 1.1£06+04 | 1.2+£05+04
TL prediction 51+£1.7+£08 36+£14+05 | 27£13+£04 < 0.08
MC irreducible 1.2+05£02 074+£03+01 | 02£01+01 | 0.1£0.1£0.1
Y predictions 84+20+11 65+16+10 | 40+14+06 | 1.3£05£05
total yield \ 8 \ 5 1 \ 0
non-SM yield UL 7.9 6.2 3.7 3.1
LM1 299+55+51 | 135£35+£23 | 76+25+13 -
LMé6 42+13+07 | 48+14+£08 | 40£13£07 | 04+04+0.1
LM13 653£77+£111 | 491£65£83 | 369£57+6.3 -

« (Good agreement data vs. prediction in all channels
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# Edge Search Results

* Simultaneous fit to SF (ee+up) & OF (ep)

background shape signal shape

a _bm% Mcut x —(myg—y)*
B(mee) = Myp€ T(mg) = \/7011/ dy y*e 202

> [ 1T T 71 I T 1 7T I T 1T 1 71 l T 1 1 7T ' T 1 7T ] T 1T 1T 7T > [ I L T 1T 1 1 | T 1 1 1
© 25 CMS Preliminary —— Data () i CMS Prellmmary ——  Data
G [ (s=7Tey, f Ldt=47f" — Fit O 25F 5=7Tev f Ldt=47fb"  — ewshape
o i — signal ] O - Uncertainty |
= 20 — oz 42 0k ]
~ ! — eu-shape |
)] i 5 w
b - 1 Uncertainty | 3 14
S 151 + H,>300,E,>150 | A5 T H, > 300, E, > 150 _]
c triangular,m =60 | c triangular,m =60 A
LIJ cut | LIJ x \\: v cut
el ng=00:38 7 T
101 P Ny =149.0 £ 122 ™ -
- T n,=19+3.7 - ]
O‘:I RN Jl[ L 1 l| [ II ) L 0 .| [ IR B R s f | 1. l' I| 1 bv'l 1:0"-
0 50 100 150 200 250 300 0 50 100 150 200 250 300
m, [GeV] m,, [GeV]
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# Edge Search: Simulation

MC ONLY: NO DATA!!!

—_I T T | | T T T T | I T T T | T [ T T T T T | T T T I_
2 405 cwms simujation ~  Data

O 35 - {s=7TeV,|Ldt=47f" — Fit ]
o - —  Signal .
2300 e
- n — eu-shape
$ 25 - [EZ]Uncertainty -
= - H, > 300, E, > 150 (MC + 0.2 x LM1) 1
LIC_I 20 C triangular, m = 77.8 7
- ng=61.1+14.4 -
151 ng = 196.7 + 14.0 —]
N E S n,=6.6+50 1
10E &S 7
5.1 E
0 “:‘ | | L.l rJ 2"‘L foodoo Ll l [ l 11 ‘| LT '_i_"'_:

0 50 100 150 200 250 300
m, [GeV]

» Expected fit results with signal (LM1 x 0.2)
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L, .
= = The

“R

” Method

out/in

OUT IN OUT

10°

10°

10°E,

10°

 Goal: estimate number
of Z events outside Z

CMS Preliminary
\Vs=7TeV

[Ldt=4.7 fb!

EE00ooomd -
§~“s§53§uu
H

mass region

40 60 80 100 120 140 160 180 200 220
M(e*e’)(GeV)

zZ __ ee+uu eu
Nout ~ Rout/in (N in _Nin
T b\
oredicted Z yield data yield inside Z

outside Z mass region mass region in ee+up
and ep channels

ratio of Z yield
outside/inside Z mass
region (from MC)
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The Fake-Rate Method

 Define 2 lepton selections:

— tight (same as analysis selection)

— loose (relax 1D and/or iso) o [ CmS preliminary | Electrons |
) o 06 L, =0.98fb", \(s=7TeV =
- Measure “fake rate” in QCD sample g o e methogar (relaxiso)
— FR = (#tight leptons)/(#loose leptons) & 4 * Method A2 (relax ID/iso)
— Measure FR(p;,n) ~ 10-40% 09| !
- Estimate number of fake leptons i Y E
passing analysis lepton selection o ¢ _
— Count events with leptons passing fo7i8720725 30735 40" Bo s
loose selection but failing tight selection
— Weight events by FR/(1-FR) = sum of
weights is data-driven prediction
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# Hadronic Tau: Fake Estimate

> [owbbratmmay i |

& 500 STV L=ATIT | Coioson  Validate tau fake rate
2,1 mee .  ©stimate in background
: T dominated region

300 s " Njoe = 2, HT > 100 GeV

T |« Good agreement between
2% | data and predicted fake
1 contribution

Josgoq 2%
xxxxx
Jogont

100k

e 1
0O 20 40 60 80 100 120 140
m[;_ght lepton [GeV]
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# OS: ee/u/en p(22) Estimates

H; 125-300 GeV H; > 300 GeV H; > 600 GeV
CMS Preliminary ~ \s=7TeV, [Ldt=4.7 fb! CMS Preliminary ~ \'s=7TeV, [Ldt=4.7 fo! CMS Preliminary ~ \'s=7TeV, [Ldt=4.7 fo!
1O4§III\‘\!II|II\\[!III‘\\?I'I\\\‘IIII'\; 1035|II\‘\\|||II\\‘\III‘\\E\I|IIW\‘!III|IKE 1035|II\‘\\|||II\\!\III‘\\E\I|I|1\‘!III|IKE
. HT125-300GeV§ . | Hr>300 Gev ] i | Hr>600 GeV ]
sl | s ' ] I '
- . 10° . E 107 3 E
107 - - T ———
i 1 I == | i —
e E 1 i . i :
= = | 10 %H 4 10k i |
10+ predicted — 3 F v predicted § 1 - v predicted |
E -~ observed T - . - o observed - o observed -
1? | | | | | | | | | | | | | | | ! | | | |
50 100 150 200 250 300 350 400 %O 100 150 200 250 300 350 400 %O 100 150 200 250 300 350 400
ET*® (GeV) ET*® (GeV) ET*® (GeV)

« Good agreement over full MET range in all H; bins
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# OS analysis: Dilepton Mass

........
tt no
CMS Preliminary tte ’ OSE CMS Preliminary it
Vs=7TeV i E Vs=7TeV g“ Fa
r ww
[Ldt=4.7 fb! 10°F [Ldt=4.7 fb! Owz
3 Oz
- t
10% "%

103:

10? il I

40 60 80 100 120 140 160 180 200 220
M(e*e’)(GeV)

40 60 80 100 120 140 160 180 200 220
M(u*u’)(GeV)

* Reasonable data/MC agreement after
dilepton selection
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Z: Interpretation

* No excess — set limits
in SMS topology:

« Scan in M(g) vs. M(x;°)
— Gravitino LSP treated

as massless

*  Eggnar OuLs €Xcluded
region (BF=1, gNLO-QCD)

X? mass [GeV]

600
400

200

1000 [ m@) >>m(g)

mass [GeV]

0

1

X

CMS Preliminary, /s =7 TeV, L =4.7 fb™!

1200 T~ "1 " T T —
L ~ o~ o~ . 0 ~ ]
L PP~ GG~ 2+x, % —>2ZG 0.14N/
- m@) >>m(g) ~
1000
O Jz8> 150 Gev 012 n
i X
sool- JZB 0'1°<

ssignal

0.04

0.02

0.00

200 400 600 800 1000 1200
gluino mass [GeV]

CMS Preliminary  \s=7TeV,L =4.7fb"
|||||||||||||||||||l_||||

- PP 59,5~ 24100~ ZG

[ ET™°>100 GeV

M Mets =

“IMET

0 Egignal

ANx e (=1 Z(ll))

0.15

400

200

0 200 400 600 800 1000
gluino mass [GeV]

CMS Preliminary, (s =7 TeV, L _ =4.7 fb™

—_
N
o
o

1000

mass [GeV]

0
X1
®
o
=}

600

400

e L L B B

[ pp— G552 +x.x°—~2G

200 B

mass [GeV]

0
1

X

600

400

m(@) >> m(g)

— gNLo-Qcb
---3 x gNLo-acb

...... 1/3 x oNLo-acb

JZB

95% CL upper limit on o [pb]

10"

200 400 600 800 1000 1200
gluino mass [GeV]

CMS Preliminary  \Vs=7TeV, L =4.7 fb"
LI B T 7T

- pp— 86,5 2j+(, 0 > ZG
1000
[ Mg =2

800 — O
I == 3x0

P 1/3 x 0NLO-QCD

CMET

200

e
o
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m(@) >>m(9)

-

jets
NLO-QCD
NLO-QCD

107

102

.
A S|

600 800 1000
gluino mass [GeV]

10°
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# Z: Interpretation

o [pb]

« Shown: g vs. gNLO-QCD for:

 Scan in M(g) for 3 choices of M(x,°)
— Gravitino LSP treated as massless

« Gravitino LSP exclusion from MET templates method, projected onto M(gluino) axis

104 i T 1T z T 1T z T TT z T 1T ’ T 1T ’ T TT ’ T TT ’ T 1T ’ T 1T E
E : : : o(pp—gg) NLO-QCD g
10° ; Jpe— oy M) =100 Gev ) é
NG e oy, M() = 300 GeV =
, - . Oy M(9) = 500 GeV A
10° g : : : : : =
3 : LEN S o 0 : =
- PP—9,g— 2j#x,x; > ZG ]
0L ~om@>>m@.. ]
= i pmiss ‘ } } } =
] - E; j templatgs, nietjs =2 | :

i3 | | 1
10-1 ;“ e "t,".'I'”'"“."'”""'“'""""'"""j"-'--f.',,',"'..""“':'”'."'“','“I""“'."l” "."H‘.-".-..‘...""""----.;.:
102 |
1 0'3 i 1111 i 1111 i 1 111 i 1 11 1 i 1111 i 1111 i 1111 i 111 1 i 1 111 |7

CMS preliminary \s=7TeV,[Ldt=4.7 fb™

200 300 400 500 600 700 800 900 10001100

gluino mass [GeV]

« Assuming 100% BF — limits on M(gluino) in range ~700-900 GeV

« Limits improve with increased M(x,°)
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Additional Material

* 1-lepton
 OS non-Z
o Z

 OS ANN
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het

Preselection

> FT T 1 1 T 7 T+ 1+ Data
8 104 CMS Preliminary Z+Jets
E \s=7TeV, [Ldt = 4.7fb"
al = ) B ww+wz+zZ
~ - Events with ee
0 B tt
GC) L
> 10°E
i 0 E
102 =
10 E_I I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I_E
60 80 100 120 140 160 180 200
Di-Electron Mass (GeV)
njets = 2
Sample ee i el tot
Wlets 10.8 £ 4.4 0.0 £ 0.0 8.5+ 38 19.3 £ 5.8
WW 148 £ 0.5 172+ 0.5 329 £ 0.8 649 £ 1.1
WZ 405.7 £ 1.8 411.7 £ 1.7 50+ 0.1 8224 £ 25
77 3133 + 1.2 349.1 £ 1.2 0.8 +£ 0.0 663.2 + 1.6
Single Top 203 +£1.2 26.1 £ 1.0 50.8 £ 1.5 106.2 + 2.1
tt 523.2 + 2.6 529.0 £ 2.5 1056.7 £ 3.6 2108.8 £ 5.1
Z+Jets 51051.4 £+ 147.5 53149.1 + 143.0 16.2 £ 2.6  104216.8 £+ 2054
Total MC ~ 52348.5 £+ 147.6 54482.2 + 143.0 1171.0 + 6.1 108001.6 £ 205.6
Data 49214 52757 1256 103227

Events / 2 GeV

UL L By B e By w2
4 CMS Preliminary Z+Jets
10" \s=7TeV, [Ldt = 4.7fb"
C . .WW+WZ+ZZ
o Events with uu
I~ tt
10° = IJ. H
e njets = 2
102 %
+
10 =
Ev v v o b o b e by o e by o e by oy 0 3
60 80 100 120 140 160 180 200
Di-Muon Mass (GeV)
njets =3
Sample ee jin el tot
Wlets 0.0 £0.0 0.0 £0.0 1.7+ 1.7 1.7+ 1.7
Ww 3.7£03 4.0+0.3 74+04 152 £ 0.5
Wz 1181 £ 1.0 1178 £ 0.9 1.4 +0.1 2373+£13
77 71.0 £ 0.6 79.2 £ 0.6 0.2 £0.0 150.5 £ 0.8
Single Top 8.0+ 0.6 7.0+ 0.5 14.2 £ 0.8 291 +11
tt 2371 £ 1.7 2383+ 1.7 4791 +£24 9544 £+ 34
Z+Jets 9932.0 £ 65.1 101472 £ 624 53 £ 1.5 20084.4 £+ 90.2
Total MC  10369.8 £ 65.1 10593.5 £ 62.4 509.3 + 3.4 21472.6 + 90.3
Data 9760 10356 506 20622

« Reasonable data/MC agreement in preselection region
(Z(22) + jets), but MC not used quantitatively in search
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=4 JZB MC Studies

CMS Simulation, Vs =7 TeV, L =47 fo! CMS Simulation, Vs =7 TeV, L, =47 ol

MC Closure° MC observed E
Slg + bkg — MC predicted

10*E ® MC observed 10*

— MC predicted

MC closure
bkg only

—_
o
w
AL
e
o
w

events / 10 GeV
=)
T
|

events / ‘I_p GeV
o

1 T : 1 :
10'1 1 ‘ 111 % -10-1 L1l 111 :—J i i 1 L1l N |

4 4 : : ‘ ‘
o | | o ﬁf
‘§ 2r ] *§ 2r 7]

O —"50~"900 180500 550 300 380400 O ~"50""900 180300 580 300 350 400

JZB [GeV] JZB [GeV]
Region MC observed MC predicted
JZB > 50 GeV 400 + 10 391 + 15+ 56 ZB .
. meth I in M kg onl

JZB > 100 GeV 97 +5 93+6+13 J e Od C OseS C b g O y

JZB > 150GeV 24+ 2.0 23+3+3 « Adding signal MC leads to

JZB > 200CeV 80414  73+17+1.0 observed excess
JZB > 250GeV  2.0+08 31+1.2404
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J€  \ET Templates Results

events /5 GeV

data/pred

events / 5 GeV

data/pred

CMS Preliminary

int

\s=7TeV, L =4.71b"

L A B S

I —e— data
10¢ —— total bkg (y+

. g (v +ets)

3 [ ] wz/zz prediction
10°E [l OF prediction

E . LM4
njets = 2

ee/uu + =2 jets

10

ot vl vl 1l

o
i

350

T
D! f
GO 50 100 150 200 250 300
E'T"'ss [GeV]
CMS Preliminary \s=7TeV, L =47fb"
L o o e N B
L —e— data ]
b —— total bkg (y+jets) 7
E —— total bkg (QCD) 3
E [ ] wz/zz prediction E
102 [l OF prediction i
J ee/uu +=3 jets T
10 b=

10!

N *

& ‘..meil
e

50— i00 750 200 250 300

EMsS [GeV]

350

njets 2

2

BT > 30 GeV ET'S > 60 GeV. EF' > 100 GeV. ER'™ > 200 GeV  EF'® > 300 GeV

Z bkg 15070 + 4825 484 + 156 36 £ 12 2.4 +£09 04 £+ 0.3

OF bkg 1116 + 101 680 + 62 227 + 21 11.4 + 3.2 1.6 +£ 0.6

VZ bkg 252 £+ 126 79 £ 39 32 £ 16 5.0 £ 2.5 1.1 +0.7
total bkg 16438 + 4828 1243 + 173 295 + 29 18.8 + 4.2 3.1 + 1.0
data 16483 (8243,8240) 1169 (615,554) 290 (142,148) 14 (8,6) 0

upper limit 6389 239 57 8.3 2.9

LM4 113+9.1 102 £ 8.5 884+ 7.9 50+ 7.4 22+6.0
LM8 49+4.1 43 £3.7 35+3.2 19+2.9 9422

njets > 3

ERS 5730 GeV

ERS 560 GeV

ERS 57100 GeV

ERSS 57200 GeV

ERS 57300 GeV

Z bkg (QCD) 4010 + 802 191 + 57 11+ 11 0.7 £ 0.7 0.1 £0.1
Z bkg (v + jets) 3906 + 1252 187 £ 61 14 +5 1.7+ 0.7 0.3 +£0.2
OF bkg 442 + 41 284 + 26 107 £ 10 7.5 £22 1.1 +0.5
VZ bkg 80 £ 40 24 £ 12 10+ 5 1.8 £ 0.9 04 +0.3
total bkg (QCD) 4533 + 804 500 £ 64 128 + 16 10 £ 2.5 1.6 £ 0.6
total bkg (v + jets) 4429 + 1253 496 + 67 131 £+ 13 11 £25 1.9+ 0.6
total bkg (average) 4481 + 1034 498 + 66 129 + 15 11 + 2.7 1.8 +£ 0.6
data 4501 (2272,2229) 479 (267,212) 137 (73,64) 8 (3,5) 0
upper limit 1513 121 42 6.9 2.9
LM4 91+7.7 85+ 7.5 75+7.5 42471 18 £5.2
LMS8 40 £ 3.3 37+3.1 31+29 18 +2.7 8+2.1

* (Good agreement observed vs.
predicted for njets = 2, njets =3,
in all MET regions
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2= Z+MET Efficiency Model

CMS Simulation, Vs = 7 TeV CMS MC Simulation, \'s = 7 TeV

TTETF AT
BN
| |
¢ J
f /
|

—

L L B B L L L L BB LR RN R

T

3,

| _
04 | 5 JZB>100 GeV |

- Z / = JZB>150 GeV - 0.3
0.2 © JZB > 200 GeV. | 0.2 = E7*°>200 GeV

. i l/%/ 4 JZB>250 GeV | 0..1 7 ,{% o Eg“ss>300(;ev‘
0. A0 SRR N P A 0 .‘!géﬁmdg N N e

0.8

efficiency
efficiency

S T M

JZB > 50 GeV

% e ET™>100 GeV

—

\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\

T—
g
\
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o
—m—

0 50 100 150 200 250 300 350 400 450 500 0 100 200 300 400 500 600
generator-level JZB [GeV] generator E?'SS [GeV]
Region 0 [GeV | Ztnresh [GEV | Eplateau
JZB > 50 GeV 30 5%5) 0.99
JZB > 100 GeV 30 108 0.99
JZB > 150 GeV 32 156 0.99
JZB > 200 GeV 39 209 0.99
JZB > 250 GeV 45 261 0.98
Errfliss > 100 GeV 29 103 1.00
ETmiSS > 200 GeV 38 214 0.99
Errrniss > 300 GeV 40 321 0.98
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Additional Material

* 1-lepton
 OS non-Z
o Z

 OS ANN
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2= 0S NN: Artificial Neural Network

* Analyze combined Z + non-Z sample with multivariate approach
— Relax kinematic selection (MET & H;) — explore complementary phase space

« ANN built from 7 quantities with good signal vs. bkg discrimination
— MET, ni, Ex(leptons)/E;(event), 15t and 2" jet p;’s, M(22), M

« Define control sample by inverting preselection requirements, predict ANN
output in signal sample using MC extrapolation factor

« Define signal region ANN > 0.8 — good agreement data vs. prediction, no
evidence for BSM physics

CMS Simulation \s =7 TeV CMS Preliminary L = 2.2 fb! Vs =7 TeV
.‘Q E I T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T I E ﬂ ‘ D\ata\ ‘ T T T ‘ T T T ‘ T T T
% 0.45 — —— MC SM Backgroun = § s Ry SM Prediction with Systematic Errors
> = 3 w10 -
O 04fF —— cmssM LMe = 5 7es SigNAl region
“— - 4 z
c 035F background = 3 vx:tss
§ 0%k ] E . o data: 61 events
S 03 - 2 TS 1
s F E prediction: 76 £ 19
w - = 10? =
0.25F = 3
SE . E
02 example SUSY signal
0.15 =
0.1F = 10
0.05 =
0 :K I i Il Il Il ‘ Il Il Il Il Il Il L‘—‘ i 1 1 : .,
04 -02 0 02 04 06 08 1 12 14 0 0.2 } ) ) 1 1.2
ANN output ANN output
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# OS NN: Interpretation

* No excess — set limits
in SMS topologies

 Shown: Signal region Pp- >gg, §->2q+LSP, §->2j+°, x°->I'l LSP; m(q)>>m(g)

; [rrrrrrTrTT l L l L l T 1 T 7T l L [ T 1 17T
. . 2 1400 CMS Preliminary\'s =7 TeV, L = 2.2 f5' _
o

efficiencies excluded = | rod ]

. E>< | Gp =GNLO'QCD i

. 1200 _ —

region for . P SProd_g 5, SNLO-CD :
JPT oPrd-1/3 x gNLO-QCD 1 02

Acceptance x Efficie

I“I|III|III|III|III

300 400 500 600 700 800 900 1000
« 2 parameters: M(g) and M(x,°) m, (GeV)

— M(x,Y) set to average of
M(g) and M(x;°)
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# CMSSM Constraints

Confronting SUSY MAaSTEeRcooe
with LHC Data

N
(4]
(=
(=]

'\E .v T T T T T T L T . ,.hg
% ma@ - im St 012
g2000 . 0 1%_5
g ' probability to be consistent

w/experimental constraints:
direct searches
indirect constraints

PP B
2000 2500

m, [GeV/c?]

0

O. Buchmueller, R. Cavanaugh, D. Colling, A. de Roeck, M.J. Dolan, J.R. Ellis,
H. Flaecher, S. Heinemeyer, G. Isidori, D. Martinez Santos, K.A. Olive, S.
Rogerson, F.J. Ronga, G. Weiglein

SUSY11
Fermilab, 28 August to 02 September, 2011
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2= BSM/SUSY Challenges

 Theoretical all-hadronic
— Minimal SUSY extension to SM 1 lepton
(MSSM) — >100 free parameters! SR e Al ST
— Wide range of possible signatures Z
— Strategy: broad program of same-sign dilepton
signature-based searches multi-lepton
lepton+photon
 Experimental photons
— Invisible LSP’s = incomplete event heavy/long-lived particles
reconstruction — no peaks

— Search for SUSY in “tails” of X s4SY
distributions (eg. MET, H;) = robust
background estimates crltlcal

« Emphasize data-driven techniques
when MC may be unreliable

 Use MC for well-understood
properties

MET
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L, .
== CMS Detector

muon , iron return yoke instrumented
= electron hadron supercondgc‘ung with muon chambers
=== Charged hadron calorimeter solenoid
- == neutral hadron g\, calorlmeter

—== photon
silicon tracker

« SUSY searches presented here rely most critically on:
— electrons: tracks matched to clusters in EM calorimeter
: minimum ionizing tracks, penetrate deep into muon system
— Jjets / H;: constructed with combined tracking + calo info
— MET: constructed with combined tracking + calo info, hermetic detector
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e

qF 1-lep “Lepton-Spectrum”; Backgrounds & Strategy

Select events with: exactly 1 isolated e/p (p; > 20 GeV) + 24 jets (p; > 40 GeV)

expected background composition:

W+jets and tt—2+jets (~75%)
— Challenge: dominant bkg, don’t want to rely solely on MC for tails of ISR, large top boost
— Estimate using “lepton-spectrum method” (next slide)

tt—0+0- (~15%)
— With lost lepton (not reconstructed/isolated, outside acceptance)
— Estimate using dilepton data control sample, scale by probability to lose lepton

W+jets/ttbar with W— 1 — e/u decays (~10%)
— Estimate using p+jets data control sample, replace p with expected T response

QCD bkg (~1%)

— Small = verify using data-driven technique, 2D extrapolation isolation vs. MET

Other backgrounds (~1%)
— DY, single top — small, obtained from MC
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"'-_l"_-"' Intro to SUperSYmmetry

SM particles

SUSY: popular extension to SM, introduces
“superpartners” to each SM particle (Aspin = 2) dl sl b

Problem: SUSY mediates proton decay, can be
prevented with conserved quantum number:

| o
“R-parity” = (-1)3(B-L)+2s = { +1 SM particles quarks leptons gauge bosons

-1 SUSY particles SUSY particles

Higgsino

If R-parity is conserved:
— SUSY particles must be pair-produced

— lightest SUSY particle (LSP) is stable =
DM WIMP candidate

« Usually x°, also gravitino, V possible

squarks sleptons gauginos
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# SUSY Search Strategies

« Start by targeting SUSY with best early discovery potential:

— Models with large o: strong production of heavy, colored objects
(squarks/gluinos)— lots of hadronic activity (H)

— Stable, invisible LSP — lots of missing E; (MET)

— Search for excess events with large MET & H. in various final states
« Also target alternative, more difficult scenarios (not covered here)

— EW production (gauginos) — small o, lower H;

— Unstable LSP — low MET

a “typical” SUSY event MET
hadronic jets leptons \ LSP

muon

electron
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# Targeted BSM Physics

« Signatures considered here common in SUSY (especially R-parity
conserving SUSY — large MET)

— Results often interpreted in SUSY models

— BUT: results not optimized for SUSY models, sensitive also to other
BSM physics, eg. models with extra dimensions

- Example: 2= + jets + MET
— gluino pair production, gluino decays — jets

— 2invisible x%s — MET
— X* decay — |lepton
g Jets
P2 +
¢* lepton
______ v
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OS: Introduction

2= (=8
E

example signal:
SUSY with x,° = 2* ¢ x° decay MET
g jets

muon+
electron-

7 jets jet

« Require 2" opposite-sign lepton = suppress W+jets
- Signature: opposite-sign (OS) leptons (ee/epy/pp/et/ut/TtT1) + jets + MET

« Perform counting experiments in large MET vs. H; signal regions and
search for “kinematic edge” in M(22) distribution
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# Z+jets+MET: Introduction

example signal:
SUSY with x,° = Z x° decay’s MET

[ muont+
UPDATE%'
| electron-
jet

* Require Z—2+2 — suppress W+jets, ttbar
- Signature: Z—ee/ppy + jets + MET

« Critical experimental aspect: understand artificial MET from jet
mis-measurements in SM Z+jets
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# SUSY Interpretations

 Drawbacks of CMSSM:

— Doesn’t cover full range of possible SUSY phenomenology

» Constrained relations between SUSY particle masses, eg.
M(gluino) ~ 6 x M(LSP)

— Multiple processes contribute at each CMSSM point

« Difficult to apply results to other SUSY, new physics models

« Goal: provide “model-independent results” —
allow application to arbitrary new physics models

— 1) Provide efficiency models — allow estimation of
arbitrary model signal efficiency

— 2) Interpret results in context of Simplified Models
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#single lepton: Event Preselection’

« Exactly 1 high p;isolated e or p
* =3 high p; jets with large H; — suppress W+jets

* Moderate MET requirement — consistency with trigger
plots shown for u-channel (e-channel similar, in backup)
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« Good agreement data vs. MC shapes (MC scaled to data)

— Dominant backgrounds: ttbar, W+jets
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"'-_I'F"' Data/MC Comparison

Quaniity Requirement
Jet pr threshold > 40 GeV
SUS-11-015 Jet 7 range 7| <24
Number of jets > 3 (LP Variable method),
> 4 (Lepton Spectrum method)
Lepton pr threshold > 20 GeV
Muon 7 range 7] <21
Muon isolation (relative) < 0.10
Electron isolation (relative) < 0.07 (barrel), < 0.06 (endcaps)
Electron 7 range 7] < 14,16 < |y| <24
Lepton pt threshold for veto > 15 GeV
% CMSPreliminary e Dms % E CMS Protminary "+ outa I % 1o’ E CoS Protiminary " e o
G] [ 114 ', NE=7Tev B ets G] F1aam’ Ne=7Tev B iy vets O] [ 114107, Ns=7Tev B iy ets
3 10° — W+ Jets & 3; — W+ Jets & . — W+ Jets
> UF == qco P &= qco > 10E &= acp
g B single Top £ B single Top = B single Top
I B ooy + Jets I + Jets - +
';“>_10’_ DY + Jet l.;uiloz: B oy + Jer .@mz B oy + Jets
5 | I s
g I g 8
£ £ 1o € 1ok
z E zZ E z
! 'F | !
o F %) e o F
= 1 = Fteetevtyi = 1Feee,yd
g g p et J § o
%0200 200 600 800 1000120014001600 000500500400 500 ""T00 200 800 400 R
H, (GeV) E, (GeV) P, (Ge
(d)e: Hr (e)e: Et (B e pr

Figure 1: Distributions of Hrt (left), E%“SS (center) and lepton pr (right) in the muon (a, ¢, and
c) and electron (d, e, and f) channels. The data are shown by the points with error bars, while
the stacked histograms show the simulated event samples. The preselection as well as the
requirements Hr > 300 GeV and E1 > 60 GeV have been applied, and the overall yield from
simulation is normalized to the data. The yields from the simulated event samples are not the

basis for the background predictions in this analysis, which are derived from control samples
in the data.
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SUSY Signatures

new physics scenarios

m Many extensions of the SM have been
developed over the past decades
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sighatures

1 jet + MET %

s jets + MET *

1 lepton + MET *
Same-sign di-lepton *
Dilepton resonance
Diphoton resonance
Diphoton + MET *
Multileptons *
Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET *

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles *
Long-lived particles *
Top-antitop production
Lepton-Jets

Microscopic blackholes
Dijet resonance

etc...

* possible SUSY signatures

- Wide variety of possible SUSY signatures
« Other scenarios (eg. extra dimensions) may lead to similar signatures
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gg — 4 b-jets + MET qq — 2 jets + MET gg — 4 jets + I+ MET
all-hadronic w/ b-tags all-hadronic single-lepton

M(g), M(x°) M(qa), M(x°) M(g), M(x*), M(x°)
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qq — 4 jets + Il + MET qq — 4 jets + ZZ + MET qq — 4 jets + Il + MET

dilepton (SS best sensitivity) Z+jets+MET/JZB OS,t-pairs
M(g), M(x*), M(x°) M(g), M(x2°), M(x°) M(g), M(x2°), M(x°)

May 2nd, 2012 SUSY Workshop BNL 104



# Z+jets+MET: Motivation

« Search for BSM physics in final states with Z—ee/uu + jets + MET

— Focus on strong production (large o) — jets
— Focus on events with invisible WIMP’s = MET
— Z—ee/up provides clean final state (suppresses QCD, W+jets, Z—vv, etc)

« In SUSY, Z’s produced in x° decays — large branching fraction if x° has

large wino/higgsino component
%, = lightest neutralino LSP G
q

= gravitino LSP .
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